Abstract The objective of this study was to evaluate the effects of steroid anabolic androgenic hormones use on lean mass gain in elderly men through a systematic review with a meta-analysis of randomized controlled studies. We systematically searched PubMed database until 4th October 2013. We included randomized placebo-controlled trials (RCT) that studied testosterone replacement therapy in men over 60 years of age, with total testosterone levels ≤550 ng/dl, observing gains in weight, lean mass tissue and fat mass as outcome. We excluded duplicated studies, studies which mixed men and women, and studies using weak androgens such as dehydroepiandrosterone or androstenedione. The initial search yielded 2681 articles, of which 26 were selected for full text analysis. In the end, 11 studies were included. However, 3 studies were not included in the metaanalysis. Meta-analysis showed that mean weight increased (lean mass), ranging from 1.65 (95 % CI, AGE (2015) ) kg, although it was heterogeneous (I 2 =98 %). Effect estimate was 3.59 [2.38-4.81]. Androgen therapy decreased fat mass; effect estimate was −1.78 [−2.57, −0.99] that analysis had also a high level of heterogeneity (I 2 =81 %). The results suggest that testosterone replacement therapy is able to increase muscle mass in elderly men and that is affected by the time that the treatment is carried out and the method of administration of the drug.
Introduction
Aging is associated to several physiological changes, progressive lean mass loss (sarcopenia) with consequent decrease of muscular strength, increase in central adiposity, dyslipidemia, fracture risk, and mood problems, and the development of a depression state are among them (Sheffield-Moore et al. 2011; Schroeder et al. 2004; Steidle et al. 2003) .
Twenty-five to thirty percent of men with more than 60 years old show low levels of serum testosterone. This event is associated with multiple neuroendocrinemetabolic deficiencies that can explain the progressive change from the anabolic state to the catabolic state in this population (Abbasi et al. 1993; Morales et al. 1998) . Besides this, the decreased levels of other hormones like IGF-1 and GH also contribute to the development of these deficiencies (Sattler et al. 2009 ).
Therapies associated to testosterone and other androgenic hormone treatment favor changes in body composition, especially in lean mass gain and neuromuscular adaptation (Allan et al. 2008; Schroeder et al. 2004; Page et al. 2005; Kenny et al. 2001; Schroeder et al. 2003a) . However, the effects of these types of treatment are not fully understood, since their objectives, dosages and duration as well as the association with physical activity adds complexity to the data provided by the studies on this theme (Kenny et al. 2000; Morley et al. 2003; Snyder et al. 1999; Tenover 1998) .
Then, the objective of this study was to evaluate the effects of steroid anabolic androgenic hormones use on lean mass gain in elderly through a systematic review with a meta-analysis of controlled and randomized studies.
Methods

Data sources and search method
This meta-analysis was developed according to the PRISMA (preferred reporting items for systematic reviews and meta-analysis) statement guidelines (Liberati et al. 2009 ).
The systematic search and review was performed on PubMed database until 4th October 2013 using the following Mesh terms, entry terms, and related keywords: B(Randomized controlled trial [pt] 
Study selection criteria
We included randomized placebo-controlled trials (RCT) that studied testosterone replacement therapy in men over 60 years of age with total testosterone levels ≤550 ng/dl. We excluded non-randomized controlled trials, randomized trials without placebo group, minimal age ≤60 years old, total testosterone levels ≥550 ng/dl, studies which mixed men and women, and studies using weak androgens such as dehydroepiandrosterone or androstenedione. We also checked for duplication based on overlapping authorship, study description, number of participants, and participant characteristics. When duplication occurred, we used the study with the most complete information description. However, when results were duplicated, the study was excluded.
Outcomes
The primary outcome was lean body mass (LBM) because it is usually related to muscle mass and functional levels. Fat mass (FM) was analyzed as secondary outcome.
Data extraction and quality assessment
We extracted the number of participants randomized to each intervention and placebo groups, age, type of androgen and administration method, dosage, therapy duration, and main results. The reviewers (WKN and ECC) independently used the PEDro and Jadad scale to evaluate the quality of each trial.
Sensitivity analysis
We initially planned only to assess whether the effects of testosterone replacement therapy on lean body and fat mass. However, the reporting of many variables opened several interpretations. Due to potential lack of clarity of the therapy method, we also examined whether the effect of testosterone therapy varied with the length of the replacement and administration method.
Data synthesis and analysis
We used the Review manager software 5.2 to calculate heterogeneity by the I 2 , chi 2 , and Tau 2 values. We used I 2 to assess heterogeneity between trials, using random effects models where there was high heterogeneity (I 2 =98 %). We also used inverse variance method and 95 % total confidence interval.
This study is an analysis of published data, which does not require ethics committee approval.
Results
Selected studies
The initial search yielded 2681 articles, of which 26 were selected for full text analysis. At last, 11 studies were included. However, 3 studies were not included in the meta-analysis. These studies did not mention the standard deviation for the pre-pos LBM analysis. This variable is important to calculate the confidence interval. The abstracts of all studies were initially examined by one author (WKN) to determine if they met basic inclusion criteria. A total of 2655 articles were excluded after this procedure. The next step was to examine 26 full articles by two raters (WKN and BR) to determine the appropriateness of the studies for further analysis. At last, 15 articles were excluded, leaving 11 articles for analysis. Of these, 8 articles were included in LBM meta-analysis and only 4 articles for FM analysis. The study selection process is presented in Fig. 1 .
A total of 651 elderly men participated in the 11 trials included in the systematic review analysis (356 men in intervention groups and 295 in placebo). The mean age of the participants ranged from 65±3 to 77±9 years. The year of publication ranged from 2002 to 2011. Table 1 describes the information for each trial included. The number of participants in intervention groups ranged from 7 to 113 and in placebo groups from 5 to 110. The drug used was testosterone enanthate (SheffieldMoore et al. 2011; Page et al. 2005; Ferrando et al. 2003; Blackman et al. 2002) , oxandrolone (Schroeder et al. 2005; Schroeder et al. 2004; Schroeder et al. 2003a) , testosterone undecanoate (Emmelot-Vonk et al. 2008; Wittert et al. 2003) , oxymetholone (Schroeder et al. 2003b) , and Androgel (Kenny et al. 2010) . The administration method used was oral (6 articles), injection (4 articles), and transdermal gel (1 article). There was no pattern about the used dosage. However, the authors used therapeutic dosage for all drug types. Treatment duration ranged from 12 weeks to 36 months.
Quality assessment
We used PEDro score scale and Jadad as tools to verify the quality assessment of randomized clinical trials. These scales are used with the objective to help the researchers to rapidly identify if these studies contain enough internal and statistical information, and further quality. Our results showed PEDro scores that ranged from 7 to 10 which demonstrated enough internal and statistical information presented by the trials. However, Jadad scale showed a wider score (ranged from 1 to 5).
Data synthesis and sensitivity analysis
Lean body mass Three studies were not included in our meta-analysis because they did not present the standard deviation information for the mean alteration of LBM. So, 259 participants were included, whose 153 for intervention and 106 for placebo. Androgen therapy increased mean weight difference, ranging from 1.65 (95 % CI, 1.61-1.69) to 6.20 (95 % CI, 5.22-7.18) kg. The forest plot (Fig. 2) Fat mass Only four articles presented enough evidence for fat mass meta-analysis. A total of 137 participants were included (81 for intervention and 56 for placebo). Effect estimate was −1.78 [−2.57, −0.99]. Heterogeneity also presented high level (− 2 =81 %). Forest plot (Fig. 5 ) showed small trials. Androgen therapy decreased fat mass.
Discussion
Testosterone used as a hormonal replacement therapy is a popular intervention because it is cheap and it influences several systems at the same time (Liverman and Blazer 2005) .
There are some meta-analysis studies that evaluated the effects of hormone replacement therapy in the elderly that showed positive results (Ottenbacher et al. 2006; Yang et al. 2013) . Isidori et al. (2005) ) in another metaanalysis study reported beneficial effects enough to justify the demand for other interventional studies on this issue. On the other hand, there is the existent, but small risk of side effects, showed in another metaanalysis (Calof et al. 2005) . Although the promising evidence, there are some limitation to the use of hormone replacement therapy in elderly men. General results are positive, but a more specific look will detect that there are important differences between the studies that make it impossible to the reader to reach a more detailed conclusion.
For instance, from several articles available in the literature, there are many different drugs used as replacement; McGill et al. (2012)) states in a review that there are several drugs that can be used, in different forms of application, with different results. The authors also point out that the only form commercially available in the USA is testosterone cypionate, and this drug causes swings in the testosterone concentration.
In the Testosterone Therapy Guideline published by Bhasin et al. (2010) ), they also suggest that several types of drugs can be use with different results.
Our systematic review and meta-analysis reinforces the notion that androgen therapy is effective to promote lean body mass in elderly men when compared to placebo. However, when a more detailed observation is made, the heterogeneity of results appears. Although we used a strict methodology for the article inclusion, some aspects of the intervention made the results heterogeneous such as the length of treatment and type of drug administration.
We analyzed only randomized placebo-controlled studies with 11 studies included; the variables analyzed were lean body mass (8 studies included) and fat mass (4 studies included); from the initial results, we included a sensitivity analysis of length of treatment and type of administration, and this analysis strengthened the results.
The search method was on Pubmed (which might be considered as a limitation since it is only one database), and we used Mesh terms. The search strategy was built according to the PICOS orientation, and we followed the PRISMA check list; we also used the PEDro and Fig. 2 Forest plots of placebo-controlled randomized trials examining the effect of androgen therapy on lean body mass (produced in the review manager 5.2 software) Fig. 3 Forest plots of placebo-controlled randomized trials examining the effect of androgen therapy duration on lean body mass (produced in the review manager 5.2 software) JADAD scales to ensure that the studies were suitable to the analysis.
Our first results showed increase in lean body mass, although Tau 2 and I 2 revealed great heterogeneity (98 %) on our data. These results can be reinforced by data found in the literature, as found in Xu et al. (2013) ) that conducted a meta-analysis looking for cardiovascular side effects of testosterone replacement and found significant improvements in lean body mass. Ottenbacher et al. (2006) ) also found increases in muscle strength in another meta-analysis, although the study was not looking specifically to muscle mass.
Looking at the length of administration, we gathered 6 studies that would meet the criteria of less than 6 months of treatment. That analysis gave us, yet, results with great heterogeneity, although it decreased from 98 to 84 %.
There were 3 studies that had a time of treatment longer than 6 months, and then, I 2 level would reach 99 %.
Looking at another sensitivity analysis, we considered the method of administration as an important factor that influenced our results.
Five studies were taken into account when we looked at oral administration of the treatment. That analysis revealed good results with an I 2 of 88 %, while for the injection type of administration, only 3 studies would fit and that increased data heterogeneity once again (I 2 =89 %). There were three different types of drugs used in the studies that composed the meta-analysis. The three studies carried by Schroeder et al. used Oxandrolone as experimental drug and all of them were administered orally. Another study administered the drug orally but used testosterone undecanoate, it was the study conducted by Wittert et al. (2003) .
The rest of the three studies used testosterone enanthate, and all of them were intramuscular injections. Bhasin et al. (2005) ) in a randomized double blind controlled study used testosterone enanthate and Fig. 4 Forest plots of placebo-controlled randomized trials examining the effect of administration method on lean body mass (produced in the review manager 5.2 software)
(1) Wittert et al., 2003 , was analyzed through 6 months therapy data. reported that it is the only formulation able to raise its levels to a supraphysiological level.
Other articles that were found in the systematic review, and were not included in the meta-analysis because they did not present the standard deviation of the results, used several drugs, alone or in combination, for example, testosterone with hGH, in a variety of methods, such as, injectable, oral, or transdermal gel.
All these information were taken in consideration, but as we structured the study according to the standards proposed in the PRISMA check list, the studies that were fit for the meta-analysis yielded the heterogeneous results presented.
Prevalence studies suggest that androgen therapy strategies may be of interest in reducing the rate of muscle wasting seen during aging (Iannuzzi-Sucich et al. 2002) .
As we have demonstrated, androgen therapy increases lean mass of elderly individuals. So, we did a quick presentation of some of the mechanisms that may explain this phenomenon. The action of androgens on the skeletal muscle involves several pathways of cellular and molecular interaction. Laboratory studies have shown that androgens clearly affect muscular hypertrophy through increasing insulin-like growth factor-1 (IGF-1) expression, controlling forkhead box O (FOXO1), peroxisome proliferator-activated receptorgamma coactivator 1 alpha (PGC-1), and p38 mitogenactivated protein kinases (MAPK), and stimulates hypertrophy via intracellular androgen receptor signaling cascade dependent upon Erk and mammalian target of rapamycin (mTOR) (Sculthorpe et al. 2012; Qin et al. 2010; Wu et al. 2010) .
Also, anabolic effects of testosterone administration on skeletal muscle are thought to be mediated by myonuclei and satellite cells activation and reduced catabolic state (Urban et al. 2014) . Urban et al. (2014) ) studied testosterone replacement effect on NF-Binducing kinase (NIK) of old individuals and showed significant reduction levels after therapy. This protein is known to significantly be elevated in diabetic kidneys, multiple myeloma, and inflammatory arthritis (Aya et al. 2005; Demchenko et al. 2010; Starkey et al. 2006) .
Conclusion
We can conclude that testosterone replacement therapy is able to increase muscle mass in elderly men and that is affected by the length of the treatment and the method of administration of the drug.
Surely, the type of drug is also an important element that can be accounted for differences in the clinical results, although this was not considered in our study.
